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Abstract 
Post-graduate students in statistics courses are expected to use their reasoning when making informal inference from comparison 
of two box plots. A framework based on the SOLO Taxonomy that can be used to assess students’ informal inferential reasoning 
as they compare two box plots had been developed. It consists of a set of descriptors of the levels of reasoning and interview 
tasks that can be used to collect evidence of students’ informal inferential reasoning.  An example of a student’s response to one 
of the tasks and how the descriptors are used to determine the levels of students’ informal inferential reasoning will be presented. 
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1. Introduction 
Statistics courses have become among the most important courses in many post-graduate program (Ciancetta, 
2007).  Through these courses, students at the post-graduate level are being prepared to become researchers so that 
they will be able to join a data-driven world of research upon graduation. As novice researchers, post-graduate 
students will be using statistics for analyzing data as they will be joining researchers in the disciplines of social 
science, behavioral science and education who used statistics as the basis for making valid and reliable conclusions 
from these data (Watson & Moritz, 1999).  
When students use the data to draw conclusions, they are using their reasoning because according to Galotti 
(2008)), reasoning is the cognitive processes that transform given information in order to reach conclusions.  
Students will need to learn to use their reasoning when they draw conclusions from the data.  In statistics, students 
will learn to represent the data tabular form and graphically and also they learn to summarize the data.  They will be 
using the information embedded in these representations and summaries to draw conclusion about the data. 
When students use graphical representations or data summaries to draw conclusions about the population from 
the sample came from, they are considered to have use their informal inferential reasoning.  According Pfannkuch 
(2006b), informal inferential reasoning refers to the process of drawing conclusions from data that is based on 
looking at, comparing, and reasoning from distributions of data.  Therefore, informal inferential reasoning can be 
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defined as the process of drawing conclusions, making interpretations, making judgment or decisions about 
populations based on representations of data, or statistical summaries of data that came from samples.  Students’ 
reasoning will also include their explanation of the conclusions, interpretations, or judgments they made when 
comparing data based on representations of data or statistical summaries of data.   
Informal inference in statistics can be considered as a “bridge” between descriptive statistics and inferential 
statistics.  One of the descriptive tool that can be used as this “bridge” is the box plots. John Tukey created box plots 
as a tool in EDA (Exploratory Data Analysis) where it is used as a way to visually compare the centers and spreads 
of batches of data.  A box plot is a graphical representation of five summaries of data: median, first quartile, third 
quartile, maximum value, and minimum value.  Students are expected to compare two box plots and draw 
conclusions from this comparison.  Students will be using their informal inferential reasoning when they draw 
conclusions about the population based on the comparison of the box plots generated from data collected from 
samples. 
Statistical reasoning may be assessed through paper-and-pencil instrument such as the one developed  by 
Garfield (2003) known as The Statistical Reasoning Assessment (SRA) which has a 20-item multiple-choice test 
with each item describing a statistics problem with several choices of responses which includes statement of 
reasoning.  However, a multiple-choice test is limited due to its format in forcing students to respond by selecting 
only the statement of reasoning presented in the choices.  The response students gave could only answer whether a 
student could reason or could not.  The responses could not be used to categorize the differences in the levels of 
students’ statistical reasoning.  Therefore,  an assessment framework needs to be developed that will enable the 
assessment of the levels of students’ statistical reasoning.  
In a study to investigate students’ reasoning when interpreting data in open-ended tasks, Reading (1998) had 
developed and used an assessment framework to analyze quantitatively and qualitatively students’ responses to the 
given task.  The assessment framework was based on a theoretical framework known as the SOLO Taxonomy that 
was developed by Biggs & Collis (1982) which had then evolved into the SOLO Taxonomy with Multimodal 
Functioning as proposed by Biggs and Collis (1991) which proposed of five modes of cognitive functioning.  The 
five modes of cognitive development are: sensori motor (from birth), ikonic (from around 18 months), concrete 
symbolic (from around 6 years), formal (from around 14 years), and post-formal (from about 20 years).  
Biggs & Collis (1982) proposed the possibility of growth within the modes.  They identified the existence of 
structural differences in the response of learners within each mode.  They called the structural differences as levels 
and suggested the existence of ordering in the levels of response within a mode. They also suggested that these 
levels are cyclical in nature.  As the learners progress from incompetence to expertise, Biggs & Collis believe they 
will display a consistent sequence, or learning cycle, that applies to a variety of tasks.  This sequence refers to a 
hierarchical increase in the structural complexity of the learners’ responses in any mode that they are learning.  
Biggs & Collis (1982) call this hierarchical system the SOLO taxonomy.  SOLO is an acronym for “structure of the 
observed learning outcome”, which can be used to assess learning quality.   
Biggs & Collis (1982) proposed that there are five levels in the learning cycle of the SOLO taxonomy that 
represent the five different ways a learner might structure a response. The five levels  are:  prestructural, 
unistructural, multistructural, relational, and extended abstract.  At the Prestructural level, the justification given by 
student for his reasoning might be personal or subjective.   At the Unistructural level, the student only uses one 
relevant element of data from the task in their justification.  At the Multistructural level, the justification given by 
the student might include the use of two or more elements in the given data, without integrating the elements, to 
support their reasoning.  At the Relational level, the student demonstrates the ability to integrate the elements and 
aspects from the given data in a way that enables the learner to provide a consistent overview of the task. The 
student should be able to demonstrate a line of reasoning that is logically consistent.  At the Extended Abstract level, 
the student uses data elements that are outside of the task  and deduces a hypothesis that can be applied to a situation 
different than the one given.   
Assessment Framework 
An assessment framework had been developed to assess students’ informal inferential reasoning.  The framework 
was developed for examining  the levels of reasoning used by students when drawing informal inference from the 
comparison of two box plots .  This frame work was based on the SOLO Taxonomy with Multimodal Functioning 
Model proposed by Biggs and Collis (1991) because it can provide the researcher with a detailed description of the 
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Assessment Framework 
students’ reasoning.  The framework consist of two components: (1)  Interview tasks and (2) Descriptors of  
responses in the task according to the SOLO levels of reasoning.  The interview tasks consist of a hypothetical 
research context, followed by two box plots representing the data collected in the hypothetical research and two 
questions, one asking students to draw conclusion from the two box plots and to justify their conclusion and the 
second question ask students whether the conclusion can be generalized and to provide their explanation for it. The 
interview task is presented in the following Figure. 1 below: 
 
A researcher in the field of biology education at the pre-university level had conducted an experiment to determine 
whether the learning the topic genetics using only a series of video lectures and demonstrations that can be watched by 
students at any time is more effective than the traditional lecture method delivered by lecturers.  She had selected 90 
students randomly and separated  them  randomly into two groups.  The first group learned the topic of genetics through 
the traditional lecture method delivered by a lecturer for 11 weeks.  Whereas, every students in the second group are 
each given a series of video lectures and demonstrations on the topic of genetics that can be watched at any time 
throughout the 11 weeks of learning. 
 
After 11 weeks of learning is over, students from both groups are administered with an achievement test on the topic of 
genetics.  The researcher then generated two box plots that shows the scores of both groups of students in the 
achievement test on genetics.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Question 1 (a) 
Are the scores on the topic of genetics for students in the group that used videos significantly higher than the scores for 
students in the group of traditional lecture?  Why? 
 
Question 1(b) 
Can the researcher make a generalization that the use of a series of videos on lectures and demonstrations that can be 
watched at any time by the students is more effective than the traditional lecture delivered by a lecturer in enhancing the 
achievement of students in the topic of genetics?  Why? 
 
 
Figure 1. Interview Task   
Scores in Test on Genetics 
Group using video
Group using traditional 
lecture 
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To assess the levels of reasoning used by students when drawing informal inference from comparison of box plots, a 
set of descriptors had been developed based on the SOLO Taxonomy and  is presented as in Figure. 2 below:   
 
Figure 2. Descriptors for SOLO Levels of Reasoning Used in Informal Inference 
 
SOLO levels Descriptors 
Prestructural 1. Did not make any inference. 
2. Made inference but did not give any justification for the inference. 
3. Used personal experience in justifying the inference made from the box plots 
4. Did not use any of the elements of reasoning for comparing box plots in justifying the inference made from 
the box plots. 
5. Used one element of reasoning for comparing box plots but incorrectly in justifying the inference made from 
the box plots 
6. Used personal experience in justifying the inference made from the box plots 
Unistructural 1. Made inference but justified the inference by comparing only one element of reasoning for comparing box 
plots. 
2. Correctly chose the element of reasoning for comparing box plots for making inference. 
3. Did not give any explanation for selecting this particular element of reasoning for comparing box plots in 
justifying the inference 
4. Did not provide further justification when requested for more justification.  
 
Multistructural 1. Made inference and justified the inference using more than one elements of reasoning for comparing box 
plots. 
2. Used more than one elements of reasoning for comparing box plots correctly in justifying the inference. 
3. Provided further justification when requested for more justification. 
4. Did not give any explanation for selecting these elements of reasoning for comparing box plots in justifying 
the inference. 
5. Did not give any explanation for selecting these elements of reasoning for comparing box plots in justifying 
the inference despite being requested to do so. 
6. Gave unreasonable explanation for selecting these elements of reasoning for comparing box plots in 
justifying the inference. 
7. Did not discuss the merits and the demerits of using the various elements of reasoning for comparing box 
plots in making inference from the box plots without being asked to do so. 
8. When asked to discuss the merits and the demerits of using the various elements of reasoning for comparing 
box plots when making inference, gave an incoherent discussion. 
 
Relational 1. Made inference and justified the inference using more than one elements of reasoning for comparing box 
plots. 
2. Gave reasonable explanation using the elements of reasoning for comparing box plots in justifying the 
inference without being asked to do so. 
3. Discusses the merits and the demerits of using the various elements of reasoning for comparing box plots 
when making inference, without being asked to do so. 
4. When asked to discuss the merits and the demerits of using the various elements of reasoning for comparing 
box plots when drawing inference, able to give a coherent discussion. 
5. Did not discuss the implications on the inference made if one had based only on one of the various elements 
of reasoning for comparing box plots. 
6. Discussed the implications on the inference made if one had based only on one of the various elements of 
reasoning for comparing box plots only after being requested to do so 
7. Did not evaluate the uncertainty of the inference. 
8. Evaluated the uncertainty of the inference only after being requested to do so. 
 
Extended 
Abstract 
1. Discussed the implications on the inference made if one had based only on one of the various elements of 
reasoning for comparing box plots without being requested to do so. 
2. Evaluated the uncertainty of the inference only without being requested to do so. 
3. Discussed the inherent shortcomings of the various elements of reasoning used for comparing box plots in 
drawing inference without being requested to do so. 
4. Discussed the influence the data collection procedures, research questions, sampling procedures and 
research design on the drawing of inference from the box plots comparison. 
5. Proposed further action to enable inference be made with greater certainty from the data that generated the 
box plots. 
6. Discussed the role of the box plots in making inferences. 
 
2. Example of assessment of informal inferential reasoning of a post-graduate 
student 
References 
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2. Example of assessment of informal inferential reasoning of a post-graduate 
student 
A post-graduate student, anonymously named Aminah, from public university in Malaysia had been interviewed 
using the interview task presented in the Figure. 1.  Aminah had just completed and passed a course on statistics for 
research in education before being interviewed.  When she  was given the previous task to read and was then asked 
to make inference from the box plots by answering Question 1(a), she responded by saying that the group that use 
video has a higher score.  When she was then asked to justify her conclusion, she had used more than one elements 
of reasoning to justify her inference which are the element of median, range, maximum and minimum.   
Even though, she had not explained why she had used comparison of medians as her basis of her inference but 
she had explained why she had not used the comparison of maximum values as her basis of inference.  She 
explained that she won’t use the comparison of maximums because the maximums only represent individual data. 
Therefore, Aminah is considered to be at the relational level of reasoning when drawing inference from comparison 
of box plots in the provided task .  However, Aminah could not be considered to be at the extended abstract level of 
reasoning because she had not discussed the uncertainty in the inference that she had made and how the various 
element she had used in her comparison might result in a different conclusion. The following excerpt presents how 
Aminah had justified her inference: 
 
A:  .. (Aminah looks at the box plots and pointed at the one representing the group that uses video in their learning) ... 
use video …. Umm. is higher 
R:  .. is higher?  … Why do Aminah says the group that use video, the scores are higher than the traditional lecture 
group?  
A:  because .. looking at the score in the middle .. the median .. the median score also .. err the group that use the video 
… err the marks in the middle is higher than the marks in the middle for the traditional lecture group. 
R:  Other than that? 
A:  Other than this … (shows the length of the box for the group using video) .. the size of the box plot from Q1 and  
…. Q1, Q2 and Q3 where the group of 25th and 75th percentile shows much higher marks as compared to the 
(shows the box of the traditional lecture group) 
R:  Any other evidences that can be observed from the two box plots that support your conclusion just now? 
A:   I don’t want to add this one because (pointing to the maximum value of the lower box plot)  … if you look at this 
one, of course we can see that the traditional lecture group is higher than this one here (pointing to the maximum 
value of the upper box plot) .. but this only from an individual.  
R:  Any other evidence that you think you might want to use as an evidence or you would not want to use as an 
evidence as you explained earlier? 
A:  (mumbling) .. So far only these… 
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